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April 8 April 12 June 12 ACTV: Advanced ComJ'Slible TelevISion 525/59.94. 1: 1

David Sarnoff Research Caner

2 June 13 June 19 AUgusl12 Narrow MUSE 1125160. 2: 1
NHK/Japan Broadcasting Corporalion

3 August 27 Sepr.ember 3 October 24 DigiCipher 1050159.94.2:1
Gencra1lnsInlmClll CcrporaDon

4 October 25 October 31 December 27 SC·HD1'V: Spearum Compatible HD1'V- 787.5/59.94.1:1
Zeni&h Elec1l'Ollics CaporIuon

1m
5 December 30 JanUIrY 8 March 3 AnaJog SimuJcast HD1'V • 1050159.94. 2: 1

N.A. Philips Ccnswner ElecD'Onics Co.

6 March 4 Mard'110 April 30 Channel CompaUble HDTV 787.5/59.94. l:l
MusIdIusew lnsuwr,e of TedmolOl)'

·Z........................ T..... F1•••cnCGnlarlun ............._""........................lInd ..- .....,
SSfMI.1' WiI'IltgdII~ TIIdnf crt 1M.... 'Y... II~ 1D". ... Fl,., Carll IlL ,....4.,5, .......),..

MOYE IN: ProllCll...' DIm'ldIId 10 ... mlMII9 ClflfIId ATV SVS""'·, tQIDmIIlt IIlIO ATTC ..., IIIG IIIIil9 up 10 wortang days pnar 10
bicjII.wi9INT'ERFACE CHECK: An'C'11IICII: DOwtr IIld HVAC IYIIImI Wi! tlt 1ft opw",.
INTERFACE CHECK: F1om..... ATTC PIItIIIIO10""VlClIO.IUCIIO. arlO 01IW IOICiIId IignlllIO ATV .,..... prIVlIlUIIy I9'IICt.IICft
sv-n DtmIIIICI UO 10 tour waflan9 CIIyI pnot 10 ,. l11l'i tar pro..,. IIld ATTC/CaNet _ 10 venfy Ii9IlIIIft1IrIICI __...
MOYE OUT: Prooanem DIll1lll1d UO 10 live wonang CIIyII/lII tna 01 tlllll'l9 10 IIftllM III 01 .. 1QUlDfftIflI1fld tlttOngIll9IlrOm ATTC lac8ly.

Sit "ATTC T.st AOmi._1lIGn Plan I Opet'lDlllllMInUIl" and rlllllCl contrICI tor IUM .,....... I8fIIII. IIld CDIIC111il11..

This Test Segue",;!! & Call:l1dar is based 011 the foUowmg cautiDau:

1.

..,

3.

4.

Dares are final commillDems fran pI'OpCItentS for delivery of ATV systemS. Upon wilhdrawal or merger of any
of the sd'eduJed ATV sysIIImS. those S)'SteIDS schedu1eQ for subsequem sloes may be aavmcec1. upm
reasonable notice. by one rat s1cX (ATV System Access Period). The tesr:iDg process and labarUones~ a
teSDng schedule dw prc:mises rascmbly CCIUIJ1UOUS use of latxnr.ory fadUries and avaids significant downame
between systemS.

Each sysIeID must operIIe wilh me soun:e signal Scanning Fonnll previous1y commiaed ro by itS propcment [0
ATI'C (listed abcM)-c.,. number of scanmng lines/cycles per seccna. propessive (1:1) Q[inWW:ed (2;1).
OmMa! test mar.erial in rhese fonnm is ro be produc:ec1. approved. and delivered ro A1TC by rhe Advisory
COIIUD1aee suftIciently in advance of tesIiDI.

This schedule ret1ecIs a cum=ntly estimlled 38 WOMang days (for siDlu1caSl HDTV sysIeIIIS) md 43 wortinl
days (for enhIDCed NTSC systems) for A'M'C ana Cab!d..abs to candua rhe labonuxy tesI1 for brO'dCaP and
cable. It does not mlea: a) subjeCtive r3IUII restS (vtdeo and audio): b) ftdcllestS in the IClUI1 amsmimon
enwonmenc or c) retesIinI. Subjective raDng teStS are planned to be conduaed off·line II1d • acner hd!jnes:
they will stan after video anc1 audio tape records for a paruewar ATV sym:m's ruinI tellS have been completed
alATfC.

Each ATV syscem must be cenifted for testing by the Advisory Ccmmiaee (SS/WP·l). A syam's full
ted1nical documenwian for Final Cenificaaon mUSI be sutxniaed by the PI~EIU ro ss/wp·l ninI:IY (90) da\1
prior 10 the urival of the system a1 AlI'C (MOVE IN) for tesanI. and Final ceniftCllicn ID1ISl be completed tr.
siXty (60) days prior to the arrival of the S}'SUlID at AlTC for tesrJnI. Final Cenifirauaa dIrOuIb dIis Adv1SO~
COIDIII1aee process is a prerequisiIe for asystem's be1ng lesu:d by A'TTC and Cable1.ab'

'- .-
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~_ (~....... HDTV .S(:·HDTV) _......, ....., PrirII, ..........., ......, Pnde, ~, ......,
z.c.iIII BrCuu.ICS C..,....HlII A.... 7. '91 (kt. II. '91 (ke U. '91 Oct. JI. '91 Now. 2•. '91 Dec 21. '91 •• 6. '92 M.6.·92

" ..... st..... HDTY' MDnda, n.-..t., ......, Wedne...., Pride, T....., T.....' PrirII,
!'tA. PIli. C..._, f-l«lromcs e... Oct. 1. '91 Dec. 12. '9. Dec. JO. '91 ••.•. '92 Felt. 1. '92 ..... }. '91 .....10.·92 •. l.·t2
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...--.-.. I.... of Tu......, Dec. ,. '91 M. 1t.·91 ~ •. '91 .... 10. '91 .07. '91 •. JO.•t2 Me, 1. '91 '-1. 't2

I. ".efface eJ-:k" dales and dates (Of ·Te...... aR like. born lhe FCC AdyilOf} COIIImiaec on Adyanced Telcvilion Service "Te. Sequence end Calendar" (11114190. illY
1/7191).
2. "FiR" Cmilica.I..... is lhe dale b, which SS/WP-I is '0 complele ii' hall 'peper' Icchnic:al .al,., and ...... ranll certifiCllion or lhe s,stem (or Ie_I. 60 dI" prior 10 lhe
.myII of !lie SJ.CIII at ATIC (Of Ieslins.
1. z-;ell __ Philil"lAdvllQCed Television Rese-.dl C.sortium haft eel •• Illey wiI ..ace _ .1101 ~sIe.' tilled heft: (..... peec:CI1ificd b, SSIWP-I) will11 ...
.,-.,. AcceplanCe (Of le"l11l tI( lhe eli,.... s,.ans i, subjecl 10 pR- and r...al ceniflca'ion by ss/wp-I. ISee FCC Advi~ Commiclee on AdYMCed Television Service "Tell
Sequaece aM C Rev 1(7191). noIe, 4. 5. _ 6 .•

4. Sub;«livc lell , is I" he cnnducled by die Advanced Teleyision Evalualion UbonIory (C-..unicalions RescllKh Cml~. Canada).

AlTC/CabIeLabs!AlEl.. 117/91
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ADVANCED TELEVISION
TEST CENTER, INC.

APPENDIX IX

SSWP2-0646
18 JAN 91

1330 BRADDOCK PLACE SUITE 200 ALEXANDRIA. VIRGINIA 22314·1650
7031739·3850 FAX 7031739·3230

January 18, 1991

Mr. Mark Richer
Chairman, SS/WP-2
c/o PBS
1320 Braddock Place
Alexandria, Virginia 22314

Dear Mark:

With the increased emphasis upon all-digital solutions to ATV
transmission, and as many as four out of five Simulcast systems all-digital,
several substantial issues arise affecting the Test Procedures Plan, the work of
the laboratories, and the daily sched ule for testing. These are identified below
with recommended changes to the Test Plan where appropriate, as well as the
impact on the laboratories' plans.

We recommend that SS/WP-2 can take action to address these matters at
the meeting of January 18.

1. Effect of Hysteresis on Power Leyel Detennination and Threshold of
Visibility/Point of Unusability Procedures

Digital TV systems are expected to exhibit hysteresis between the C/N at
which the receiver can acquire (synchronize to) the signal and a lower value of
C/N below which reception ceases (loss of synchronization). The difference
between these two C/N levels is the noise hysteresis of the system.

Among the first steps in testing a Simulcast ATV system is
determination of the power levels at which the robustness of the system will be
tested. A "Weak" level is found experimentally, and two higher levels are
calculated with respect to the Weak Level. Section 19.2.3 specifies the procedure
for finding the Weak signal level, which is the noise threshold. Starting at a
level at which noise-free reception is obtained, the signal power is reduced until
reception is impaired. If the system under test does not have noise hysteresis,
then the direction from which this threshold is approached will not matter.
Given hysteresis, however, the threshold determined in the specified manner
may be below the level at which reception would commence if the procedure
were begun from the opposite direction. The attached figure shows a
hypothetical hysteresis curve, indicating the different C/N levels at which
signal acquisition and loss of lock occur. It is important that the higher of the



signal acqulJition and loss of lock occur. It is important that the bi&.her of the
two signal levels be the "Weak" level to be reported from this procedure.
Obviously, a level that is below the acquisition threshold is useless in
subsequent testing.

We recommend that the procedure of Section 19.2.3 be amendecJ to
specify that, in the event hysteresis is found, the higher of the two levels (i.e.,
the level corresponding to signal acquisition) be reporrod as the "Weak" signal
level. The magnitude of the hysteresis also should be reported for the record.
The hysteresis is of interest since, once the receiver has acquired a weak desired
signal, the level of that desired signal may fade.

Hysteresis is also a {actor in procedures that involve expert
determination of Threshold of Visibility (TOV) and Point of Unusability (POU).
In particular, it is Important that the POU be approached from a level of
impairment sufficiently high that the receiver cannot acqUire the signal. Then,
the reported POU would be the level at which acquisition first occur., provided
that the experts deem the r~ption "usable" at that level. Otherwise, the POU
would be the slightly lower impairment level at which reception just becomes
usable. The rov would be the level beyond which no further improvement in
reception occurs as the impairment level Is decreased.- If the reported TOV and
POU are convt!rged upon iteratively, approaching them alternately from each
direction, then care must be taken that the reported levels are within the range
between .the acquisition threshold and the level at which no further
improvement in reception occurs (Le., that the reported levels are not between
the acquisition threshold and the level It which there is loss of lock).

It may be desired to add the hysteresis as a third datum, besides 'TOV"
and "J.J()U," to be reported for each impairment and interference test. The
hysteresis would be of interest since the desired signal may fade or the
Interfering signal may increase as reception is taking place. (1n an extreme case,
an Interfering ATV signal might increase to a level at which it would "capture"
the receiver, as in FM reception. In our testing, such an occurrence of capture
would be difficult to detect since both ATV signals are modulated identically.)
While we are raising this issue for consideration by SS/Wl'·2, we cannot
commit to proViding this additional data routinely, for every test, since the
Idditional testing tim~ required to confirm and record the magnitude of the
hysteresis is unknown.

It should be noted that the time reqUired for signal acquisition to occur at
high Impairment levels may be substantially longer than the acquisition time
with little impairment. The procedure for determining tht! acquisition
threshold must specify a maximum time to be allowed. This specification
should takt! into account th~ length of time a consumer would wait for a
receiver to acquire a new signal when the channel is changed. We recommend
that SS/WP·2 request that SS/WP·l determine the apprOximate acquisition
threshold and acquisition time for each system. In the absence of guidance from
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SS/WP·2, tM testing laboratory will exercise its discretion as to waiting time {or
acquisition. Inasmuch as the acquisition threshold is equivalent to the POU, IS
explained in an earlier paragraph, we recommend that the procedure for
finding POU for a digital system haVing hysteresis be as follows:

Begin with the undesired signal at a level too high for acquisition to.
occur (the "starting" level for this procedure). Switch the attenuator to
the first undesired level to be tried. Wait for I predetermined time. At
the end of this time, the expert observers declare whether acquisition has
occurred. If not, then return the attenuator to the starting level. Then
switch the attenuator to the next level to be tried. Continue until the
level is reached at which the experts observe that acquisition occurs
within the allowed time. This level is the reported acquisition level.

2. Effed of "Quasi.bi-stable" Perform.nce on Ranlin. Procedures

Analog systems show variation in performance with varying levels of
transmission impairment and interference over a wide range, at least 20 dB.
Digital systems may show variation over a very smaU range between the signal
acquisition threshold and a level, only a few dB away, beyond which there is no
further improvement in reception. Such performance may be calJed "bi-stable."
It is likely that this range will be smaller than the expected variation in signal
level, especially in the oUler reaches of the service area. There is little point in
making rating tapes and conducting non·expert subjective tests over such a
small range of levels. Instead, the results of the ranginK procedure should be
reported as "Expert Obsf!rvalion and Comment" only.

We recommend that the Test Plan permit this simplification when small
ranges are found. Guidance should be sought from PS/WP·3 as to an
appropriate specification for "small", taking into account the field strength
variations likely to be encountered in practice. In the absence of such gUidance,
the testing laboratory wiIJ exerci~ its discretion as to the appropriate method to
be used.

3. Effect of Channgl Equalizgr Characteristics on Multjp.tb Ind Multiple­
MigoqOeetion Testina

Digital systems incorporate adaptive channel equalizers, which function
as group-delay correctors and ghost cancellers. These equalizers may be able to
remove the effects of weak reflections, but they may be unable to cope with
strong reflections. Strong, close-in echo can arise from the poor VSWR of the
ATV receiver or summation of multiple miaorenections in the cable
distribution plant. Adaptive equalizers may also exhibit hysteresis. Therefore,
the COl)cerns expressed in Paragraph 3, above, with regard to the directionality of
approlch in finding TOV and POU, also apply to the multipath and multiple­
microreflection procedures. Specifically, the maximum echo amplitude (at a

3



given delay) for which the syst~m can correct should be approached (rom a high
amplitude of echo, beyond th~ correclion range.

We recommend that this tutorial amendment be made to the Test Plan.

4. Pow,r MClSumncnt for Simulcast Systms

The revised procedure (or determining the "Weak" signal level for
Simulcast systems, which was approved by SS/WP·2 on 12/3/90, specifies that
the "most sensitive picture" be used. It is likely that the all-digital sysmns will
have constant, time-invariant, radiated power, which will be independent of
picture content, motion, color, etc.

It is important that SS/Wp·l verify this assumption for each of the all­
digital systems as soon as possible. If valid, it would permit simplification of
the procedure (or those systems, since the exerdse of finding the "most
sensitive picture" would be unnecessary.

In addition to the specific concerns raised in the above paragraphs, we
would like to express a genera] concern regarding aU-digital systems. Since an
appropriate test methodology may vary significantly (rom one system to the
next, the concept of "system-specific" testing should re~ive increased emphasis.
From what we already know about such systems but, more importantly, because
of what we SQnJ know about them, W~ doubt seriously that the one day
reserved for system-specific tests will be adequate. There is no other time
available during the test slot unless some of the other tests can be dropped or
greatly simplified on a system-specific basis. We urge that guidance be prOVided
to the laboratories by SS/WP·2 and by the SS/WP·l Analysis Task Force.

In conclusion, we would like to emphasize a point that we have mide on
several previous occasions. Until we have conducted dry runs of our facUities
and of the approved test procedures, the test laboratories cannot commit to
conduding all of those procedures within the time allowed. As we enter the
dry-run phase of our preparations for testing, we wilJ advise SS/WP-2 of any
recommended or necessary chang~s to the approv~ procedures in order to
achieve our mutual goals.

Sincerely,

-rl(~
r.~~R

Charles W. Rhodes
Chief Scientist
ATTC

4

~~--
Brian mes
Oir tor, Advanced Television Testing
CableLabs
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SSWP2-0623
15 JAN 91

Mr. Mark Richer
Chairman SS/WP-2
PBS
1320 Braddock Place
Alexandria, Virginia 22314

January 14, 1991

WAYNE C. LUPl.OW
EXECUTIVE DIRECTOR
ELEC~;:lONIC SYSTEMS R&D
AND ENGINEERING SERVICES
.7081 391.7873
TELEX 25·4396
;:AX 1708139'·8555 7265

RE: The Need To Be Able To Change ATV Test Procedures

Dear Mark:

Confirming a recent telephone conversation, we need to take what­
ever steps are necessary to assure completeness of the testing proce­
dures to be used by the various ATV testing labs. It needs to be
understood by all, that as the proponents begin to bring actual func­
tional hardware to life, we all will learn concepts which have not
been apparent in the past. As I believe it was Bernie Dayton that
mentioned at a past Systems Subcommittee meeting, we are not dealing
with product developments but rather with R&D efforts. This is par­
ticularly true in the area of all-digital HDTV systems as now pro­
posed. Dr. Ca.rnes of Sarnoff mentioned at the recent proponents
meeting that he too saw the need of including testing procedures that
were appropriate, and perhaps, unique, to all digital systems.

The purpose of this correspondence is twofold. First, to under­
score the need for maintaining flexibility relative to test proce­
dures. Again, a good example (but not the only example) is the emer­
gence of all-digital systems.

The second purpose is to specifically request changes in the test
procedures. to. ,include the new attributes which were added by PS/WP-1
and PS/WP-2 at their October 8, 1990 meeting. These attributes,
specifically 1.4.1 and 1.4.2, relate to artifacts associated with
motion detection and, most importantly, with additive noise source
materials.

Especially with respect to
materials, Zenith (and others
action by PS/WP-1 and PS/WP-2.
The other supporting letters
minutes (not enclosed herein) .

the need for incorporating noisy source
including NBC and CBS) supported such

The Zenith letter is enclosed hereto.
were attached to the October 8, 1990



Mr. Mark Richer
January 14, 1991
Page - 2 -

In the way of background for the need to test with noisy sources,
we enclose two documents which were submitted to PS/WP-6 relative to
their need to utilize ca~eras with equal noise performance during the
production of the subject~ve source material. These documents au­
thored by Professor Jae Lim of MIT and Dr. Arun Netravali of AT&T Bell
Labs, provide a background for compression considerations when less
than an ideal source environment exists.

Specifically, Zenith is requesting the following:

(1) Tests be added to the existing test procedures which
include attributes 1.4.1 and 1.4.2 of the list provided
by PS/WP-1 and PS/WP-2i and

(2) that this letter and its enclosures be shared with all
members of SS/WP-2 and become part of the official
record.

We thank you in advance for your consideration.

Sincerely,

, I

/~ - ./"'-/ '!'

weLle

Enclosures

cc: B. Dayton
I. Dorros
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DlPA 1t7'!,tl:N7' 0' lLIU:"'.ICAL ENG1NBltIING AND COMPlITU sellNC'.

MAS SAC H USE T T S IN S TIT UTE OF TEe H NO LOG Y
CAMIJIDfil:, MAS.~ACHU.f"TTS 011 J 9

Doc:ember 28, 1990

Craig K. Tanner, Chainll.aJ1
Workini Party 6 of the
Planning Subcommittee of the
FCC Advisory Committee
c/o Cable Televiaion Laboratories, Inc.
10.50 Walnut Street, Suite 500
Boulder, CO 80302

Dear Mr. Ta.nMr,

I am writing this letter cOllcemillg the SOUl'ce mClteriaJ to be ulI4:ld for ATTC testing. Since
I did not attend WP·6 meetingg, thi~ letter i. based on the minutos of WP-6 meetil1gs.

The ATTC testing is illtl~nded to provide the best delivery 5/'Hem. for the future HDTV in
the United Statos, Thl.lrdol·e it ia important to U:ie the source material which best serves
the intended purpos~. I have the following comments concerning the source material.

1. The characteristics of a camera. system that a.ffect the q11a:ity of the source materiitl
can be classified into two classe.,. The first class involves the charactel'istica that a.re an
integral pMt of the delivery system. Exa.mples of thia cla..';s include progressive scan­
ningfinterliIL(;l:d scanuing, the llumber of lines, the number of picture eleUlcnts/line.
~tc. These choic~s r.1'~ cOlllidously luude by tue system designer to ma.'<.illlize thr.:
quality of the video that can be transmitted within a. G )'{Hz cha.nnel. Once the
HDTV sta.ndard is dctermiol?d, these charactCl'il;tica do not change and future caUL'
era improvemcl\ts will not affect them. If i\ system del;igner has developed a. wa.y to
tra.nllmit 4000 lines within a 6 MHz channel, for example, the source ma.terial ~hll.t hu
4000 lines .1lould be provided to the ('xtt'ut current technology allows. The difference
in the! quality of the source material tha.t results from the cle$igner's conscious choice
should be refll:K:teu in thl: source material used.

The second da.ss invol....es [he camera chara.cteristics that are not 4Ll1 integral part of
the delivery system. Exa.!Hvlcs of this class include the noi~e le ..'cl, camerlL seMitivity,
etc. Thesu characteristic!' <.Lre noc cho.'ien by the system designer. Tn fact, CV l<1rj' system
designer wishes to ha.ve! the least levd of noise and the maximum ca.mera sensiti'.·i ty
to ma:<imize the quality of the viuco that Can be tra.nsmitted within a. 6 MHz c1\lmnel.
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This second e1ua of clla.racteristics will improve over time a.nd does not affect the
HDTV' sta.ndard. In generating the 50tm:e material this second clus of characteristics
ha.& to be nlade as equal l:l.8 possible to the! extent that they aifcct tho quality of the
source material.

2. According to Zenith Corporation, the noise characteristics of the BTS ca.mora. are
lIignincantly wone than the new SONY camera. If thi. it true, it i. my opinion that
extreme care should be exercised in using these two different caJncru to genera.te the
50urc:e matcri al.

Video encoding mt!thodll ll11(~d hy \HT. G~neral InfJtrument, li.nd Zenith Corpouti()~

rely very heavily on partic'Jlu types of temporal (frame-to-frame) and spatial COfre­

lation tha.t &J'e prescnt in typical video materill.1. The noile typically has very little
temporal or spa.tial correlll.tion. Even when there is some, the characteri8tic" arc quite
different from those eXl)loi tl,)d in the video compression method•. As , resl1It,thclJc
video compression methods waste significant bl\udwidth in encoding the noise in the
noisy source material.

The delivery syst€!m tha.t uses the source materiiil originiltl!d from th~ BTS camera,
therefore, will be at a clear disadvanta.ge rela.tive to a. system that uses the source
ma.teria.l originated from the new S~Xy Ca.mera.. A consequence of this may be that
we choose an inferior delivery system as the HDI'V StLudard. This dearly is not in
the best interest of the United States.

BMed on the above, it is my opinion that the in(,~q'l~ity duo to tho camera. noise chara.'tel'­
istif.)oi should bp. I!liminated in genera.ting the sourl:c matcl'i~.

Thank you for your cOIUideration.

Sincerely.~~

, Lim
Pro sor of tlectrical Engincel'ing
Oil"<~c r of Advanced Television
Research Program

2
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Mr. Craig Tanner
Chairman, PSI\\'P-6
c/o CableLabs
1050 Walnut Street
Boulder. Colorado 80302

eoo Me",,..!,./'! .~."'''.
Floom JO·~oe

~ ..I'.y"" 'Ij.,l 0797'.2010
2C' 5a2·~· 3~

December 31, 1990

Dear Crai,:

I ha.ve recently learned that input sequences with dufe:c!'lt amount of noise might get
used to test the compression a1,oritr.ms used by difft~nt HDTV proponents. I believe
that this woul.:1 ftsult in a biased comparison as I have ex~lait1ed in the attache~ note.
Please let me know if £ur:he: elaboration is required. If there iS,l 'vVill be happy to do so.

Sincerely•

... - --- -- _. _.-
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Source Noise and Compression

Several scheme3 are beina proposec for compression of the High
Definition Television Sianal (HDTV). It is anticiplted that the
uncompressed HDTV signal will generate between '00 Mbits/sec to

900 Mbits/sec dependina on the scannina format employed. This
will have to be compressed to approximAtely 15 Mbiu/sec to 20
Mbits/sec for terrestrial broadcastina within the 6 MHz bandwidth.
The compression systems developed b~' different proponena employ
a variety of techniques. These techniques arc hiah1y adaptive, and
their performance depends upon the characteristics of the pictures,
such as the type of correlations (spatial, temporal, amplitude, ... )
present, perceptually sianificant detail in the images and the
characteristics of noise within a television frame lnd (rom frame to
frame. In order to make a fair comparison between the different
schemes, it is important to keep constant as many parameters ot the
input sequences as possible: i.e., tach scheme should be tested in as
similar an environment as possible. One of the important
components of the environment is the noise in the input sour,e
material.

Compared to the video coding for other applications such as video.
conierencina, codin, of the HDTV sianal has to be ex.tremely high
quality: almost trt.nsparent with the codinl artifacts below the
threshold of perceptual visibility for a large class of pi'tures typical
of what may be used (or entertainment, news, live sports, and other
applications. Por such a high quality coding, noiie in the source
material can bias the results quite substantially, since to maintain
high quality one may end up coding noise because distinguishini
noise from the real detail in images is extremely difficult even for
the human eye. If the compression scheme is thouaht of as a
.:ollection of properly integrated techniques from a bal of techniques,
then it is required to understand the effect of noise on ea,h of the
techniques e:-nployed. Whne the set of techniques is very larae, it



appears that the lollowina techniques Ire used by most of the
proponents.

a) .Motion Estimation
Here noise in the source material can result in wrona

matches to live erroneous motion vectors resultinl in larger motion
compensated prediction errors. This will reduce the quality of coded
pictures and will also cause increase in bin required to transmit the
motion vectors.

b) Transform Coding of Motion Compensated Prediction Error
Much of the source noise it usually hiah frequency and.

therefore. it will corrupt most of the higher order coefficients. It will

increase the variance of these coefficients requirinl them to be
transmitted more often. This will decrease the picture quality for a
liven bit rate.

c) Adaptive Q'Jantization and Selection of Transform Coefficients.
Here, a larger number of coefficientS will let selected for

transmission. and if this raises the instantaneous bit rate too much. it
will cause coa:-ser quantizarion of coefficient' giving poorer quality
pictures.

As. I roulh measure of what source noise can do, consider
uniformly distributed noise in the rar.a' (O,A]. The temporal
differencioa (due to motion compensation) will increase the range to
(-A, +A]. Assume that the noise affeclS only p~ of the transform
coefficient.. If a 'L' bit quantize, is used. then the smallest
quantization level for the ranae [-A. A] is 20L (2A), and in this case,
the noise will contribute (2 L.p)% additional bits. As a representative
example, if the smallest quantization level is 1/255 (on an 8 bit

scale) and the noise is uniformly distributed in (0,2]. then for a pc 5%,
we have an additional 1/10 bits/pixel due to noise. If the pixel rate
is about 60Mpixels/sec. then the noise will consume 6.0Mbit/sec.•
which is a sianificant Craction of the total allowable bit rate of around
15 Mbits/sec. This can cause serious deartdation in the picture.
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To evaluate the impact of the lource noise experimentally I

pictures were coded with artificially inserted noile in the original
(noise free) pictures. This noise was uniformly distributed in the
ranle [0, A), A beina a controllable paramet~r. Several values of A
were tried. In each case, comparisons were made between the
original picture, coded-oriainal picture and the coded, noise
corrupted picture. Difference between the coded pictures with and
without noise was quite visible even when the parameter A was 1
(out of • scale 0-255). This difference was comparable to the
difference between the uncoded pictures with and without noise.
Photographs are not provided since the proceu of photography
introduces its own artifacts. However, a demonstration can be
arranaed to view these picture! on the display system.

It is difficult to quartitatively estimate the impact of source noise
on different coding aliorithms. However, it is clear that the impact is
substantial and therefore, fair comparison can be made if every
effort is made to keep the source noise constant.

Arun N. Netravali
AT&T Bell Laboratories
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VIA PAX
October 8, 1990

Renville McMann, Chairman PS/WPl
c/o Alan Gociber
NBC
30 Rocketeller Plaza
New York, N.Y., 10112
FAX: (212) 581-6687

Dear Ren,

. We reqret that Zenith cannot send a representative to the
combined PS/WPl & PS/WP2 meeting today in New York. The work and
contribution ot your group is vital for the selection ot the best
ATV system tor the u.s.

According to the draft agenda sent out with today's meeting
notice, you will be considering the addition ot attributes which
describe the effects of preprocessinq and source noise on inpue
siqnals to ATV systems. We are sending you this letter to ex­
press Zenith's support for testinq ATV sy~ems using both pre­
processed imaqes and imaqes with sour~e noise.

Preprocessing has become a common and important tool in
television production. Inserts,' special etreets, editinq, cuts,
fades, etc., truly enhance the viewinq experience ot the pUblic.
Since these techniques can result in scenes Yhich are not found
naturallYI it is totally possible that they may trigqer artifacts
from an ATV system which might otherwise qo undetected. ATV
systems are qeneral~y nonlinear systems which can react in sur-
prising ways to unusual inputs. .

The nonlinear processing ot ATV systems can also respond in
unusual ways to noisy inputs. T~ test this attribute, a single
input aiqnal should b. tested with various degrees ot additive
noise and ~h. results observed tor the natura of a system's
deqradation.

We urqe that your meetinq come to the same conclusions and
request that Zenith's opinion in this matter become a part the
record for your meetinq today.

Sincerely,
x-..a JIG-

Ronald Lee

ce: C. Eilers - C. Heuer - W. LuplOW



To: Mark Richer
Chainnan SS/WP2
c/o PBS
1320 Braddock Place
Alexandria VA 22314

Subject: Change/Modifications to ATIC Test Procedures.

Dear Mr. Richer:

SSWP2-0638
29 JAN 91

On behalf of the Advanced Television Research Consortium (AmC,) we would like to use

the opportunity offered us during the meeting of SS/WP2 on January 18, 1991, to submit

our recommendations for some changes in the ATV test procedures for digital ATV

systems.

The changes that we proposed are described in the enclosed document. We hope that the

proposed changes, together with those from other proponents, will help make the digital

ATV systems test results more meaningful.

Sincerely,

Sheatr-Bao Ng -,..
David Sarnoff Research C ter

Copy (with encl.) to:

B. Caron (CRC)
P. Fannon (ATIC)
K. Kubota (NHK)
W. Luplow (Zenith)
C. Rhodes (ATIC)

SBN/sbn

Enel.

~
~..- .-----

.. ---
~

C.A.A.J. Greebe
Philips Laboratories Briarcliff

1. Cohen (WP2: Field Tests)
R. Green (CableLabs)
J. Lim (MIT)
R. Rast (General Instrument)
G. Tanner (Chairman, WP/6)
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In consideration of the significant majority of digital ATV systems scheduled for testing by the

ATIC, the Advanced Television Research Consortium (ATRC) is recommending modifications to

the test procedures described in the document SSWP2-0189[l]. We feel that these modifications

are necessary because of the significant and fundamental difference in approaches between an

analog ATV system and a digital ATV system. To accomplish the stated intent of these test

procedures, some aspects in the current test procedures would require changes. As these

modifications only concern test materials, they are also applicable to the Cable Television

Transmission Tests manual (document SSWP2-0357.)

A main reason for the need to modify the test procedure is that most digital ATV systems

employ statistical data compression that exploits spatial and/or temporal redundancy present in the

pictures. In addition, digital video compression systems have the ability to dynamically distribute

the available channel resources among the spatial, (horizontal, vertical, or any other spatial

orientation,) and the temporal performance. Therefore a test procedure to measure the performance

of a digital ATV system in anyone particular (spatial or temporal) orientation must ensure that the

system docs not unrealistically allocate all the available channel resources toward its performance in

that particular orientation for that particular test. Consider, as an example, a test procedure to

measure the static spatial resolution of a system. Using static test patterns, however complex, as

the test pictures, provides the system under test (SUT) an unusually favorable condition because all

the channel resources can be allocated for the spatial rendition of the image since the temporal

redundancy in the test picture is absolute.

While the test procedures described in [1] are equally applicable to both analog and digital ATV

systems, more insight of digital ATV system performance is possible from some of these test

procedures if some modifications are introduced

Image Resolution and Transient Response Test Procedures

The changes proposed here apply to the Image Resolution and the Transient Response test

procedures described in chapters 1 and 3 of [1].

Figure 1 illustrates the general appearance of the test picture proposed by ATRC to be used in

the Resolution and the Transient Response test procedures. There are two basic components in the

test picture: (1) the circularly-shaped area called the measurement zone and (2) the background area

called the load zone.

The purpose of the load zone is to provide sufficient load to the video compression system so

that the tests and measurements taken within the measurement zone are indicative of the

performance of the SUT under realistic conditions.
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The ratio of the areas occupied by the two zones. hereafter called the load-to-measurement

ratio. and the location of the measurement zone. provide further test controls. By choosing

different load-te-measurement ratios. the system is subjected to different levels of stress. The

associated measurements are therefore indicative of the potentially different perfonnance of the

SUT under different operating modes/states. For example. a load-te-measurement ratio of I: 10

may be a light load, while a 10:1 may represent an extremely stressful load on the SUT.

The load zone shall contain white (Gaussian) noise of a specified variance. The variance. or

equivalently the noise power, should be sufficiently high that the noise causes desirable loading of

the SUT. Because of the sophisticated motion algorithms that are likely to be used in a digital ATV

system. it is important that the noise vary in both the spatial and the temporal directions. Le., a

"moving" white noise pattern rather than a fixed (albeit random) noise pattern. The picture within

the measurement zone shall be the test picture described in [1] for the Image Resolution and the

Transient Response measurements.

It should be remarked here that the transition from the load zone to the measurement zone can

provide some potentially useful data.

Figure 2 shows the proposed test picture for the Image Resolution tests. The measurement

zone depicts a circular zone plate as shown in Figure 1-1 of the WP2 document [1]. Figure 3

shows the proposed test scene for the horizontal and vertical transient response tests. The areas

marked Cl. C2. C3. and C4 correspond to the same areas in Figure 3-2 of [1]. For the

measurement of the temporal transient response. Figure 4 shows the test picture after the Radial

Resolution Test Pattern (Figure 3-3 of [1]) has been gated into the measurement zone. The test

picture before the test pattern has been gated in would have a flat field for the measurement zone.

To allow the maximum spatial frequency of the test patterns (circular zone plate or the radial

resolution chart) to be in the measurement zone. it may be necessary to shift the center of the test

pattern away from the center of the measurement zone. Alternative arrangement of the two zones in

a test picture can be used. An example of an alternative arrangement is shown in Figure 5. The load

zone covers tht four corners of the picture. while the remaining area is used for the measurement

zone. The arrangement of the four load zones can be selected such any desired resolution on the

circular zone plate is depicted within the measurement zone. It is desirable that the shape of the

measurement zone be non-rectangular to avoid the event that the zone border(s) may coincide with

any block structure that is introduced by the video compression system. Toward that end, a circular

measurement zone is desirable.
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Other Remarks

Regarding the multipath susceptibility test (Section 19.4 of [1]) it is recommended that the

evaluation of the threshold sensitivity be made based on not only the appearance/visibility of any

(leading or lagging) ghost images but also any visible picture degradation. For digital ATV systems

with digital transmission, the effect of a multipath channel, in general, will not be the appearance of

a replicated signal at the display.

Regarding the issue of noisy source material, the ATRC recommends that for the test

procedures using camera-source pictures, the amount of camera noise or otherwise source noise be

noted for the record and be included in the sub-section called Presentation of Data in that particular

procedure description.

REFERENCE

[1] ATV Test Procedure: Objective and Transmission Tests (SSWP2-0189), 28 Sep 90.

Figure 1: Proposed Test Picture
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Figure 2: Proposed Test Picture for Image Resolution Measurement.

Figure 3: Proposed Test Picture for Transient Response Measurement
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Figure 4: Proposed Test Picture for Radial Resolution Test Pattern.

Measurement
Zone

Figure 5: Alternative Load and Measurement Zone Arrangement
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January 21, 1991

Mr. Mark Richer
Chairman, SS!WP-2
PBS
1320 Braddock Place
Alexandria, Virginia 22314

Dear Mark:

SSWP2-0630
23 JAN 91

At the meeting of SS/WP2 on 1/18/91, you asked for written responses from proponents on

the question of whether generic testing of digital transmission systems is appropriate. Apparently

the suggestion has been made that, if all digital simulcast proponents are using 16-QAM or some

minor variant thereof, a common test of digital transmission could be undertaken before specific

testing of complete systems began. There was hope that channel characterization and the collection

of error statistics would be shared and useful knowledge for all digital systems.

The ATRC believes that such generic testing is nm appropriate because it will not serve the

purpose for which it is intended. Proponents and the testing process must determine the coverage

area (and associated allocations and interference) over which acceptable digital HDTV video and

audio can be delivered. This will not be learned simply from measurements of the error statistics

of 16-QAM because l2mh source and channel coding impact the quality of the recovered image.

Thus the effects of noise, interference, and multipath must be measured on the complete system,

not just on a generic method of modulation.

Since general characterization of the transmission of 16-QAM will not allow meaningful

extrapolation to digital HDTV transmission effectiveness, ATRC urges that it not be undenaken. It

is not a useful expenditure of proponents' or ACATS' resources.

Very truly yours,

John G.N. Henderson
David Sarnoff Research Center


